Abstract Our aim was to systematically identify and compare how generic medications,
develop means to assist Member States in formulating national drug policies [1] . Since then, and following the recommendations of the WHO, many countries have developed their own national drug policies [2] . The framework of these recommendations is often considered to be built around improving access to ''essential drugs'' that in most cases mirror the Essential Medicines List from the WHO [3] , currently in its 18th edition [4] . According to the WHO, this list includes the most efficacious, safe and costeffective medicines for priority conditions. Most of the drugs included are off-patent and available as generic products, which are often offered at lower prices than the innovator branded product, potentially reducing costs for patients and the healthcare system [5] . The use of generic pharmaceutical products is then promoted, in order to reduce costs and increase access to healthcare [6] . But, despite highlighting the need for rigorous quality and safety assessments for pharmaceutical products in order to achieve these goals, the quality of pharmaceutical products available in the market in many developing countries varies, in part because of the lack of clear and specific requirements for generic pharmaceutical products [7, 8] .
Currently, the use of generic pharmaceutical products represents over half of the total volume of pharmaceutical products used worldwide but only 18 % of the total value of the pharmaceutical market [9] . These proportions vary by region and country, but the consumption of generic pharmaceutical products is consistently higher than that of innovators in most countries, being one of the most used healthcare technologies around the world [10] . The WHO defines a generic product as ''a pharmaceutical product, usually intended to be interchangeable with an innovator product, that is manufactured without a license from the innovator company and marketed after the expiry date of the patent or other exclusive rights'' [11] . In the USA, the Food and Drug Administration (FDA) has stated that, ''A generic drug is identical-or bioequivalent-to a brand name drug in dosage form, safety, strength, route of administration, quality, performance characteristics and intended use'' [12] . Finally, the European Medicines Agency (EMA), the main regulatory body for pharmaceutical products in the EU, defines a generic medicinal product as a ''product which has the same qualitative and quantitative composition in active substances and the same pharmaceutical form as the reference medicinal product, and whose bioequivalence with the reference medicinal product has been demonstrated by appropriate bioavailability studies. (Reg. 726/2004, Art 10, 2b)'' [13] .
These definitions are critical when regulatory agencies in each country determine the requirements and standards that pharmaceutical products must follow in order to obtain approval and reach the market. Minor differences in wording may have a great impact on how these products are assessed and the standards that must be followed. For example, using words such as ''interchangeable'', ''identical'' or ''bioequivalent'', which are used by the WHO, FDA and EMA, respectively, have important connotations with regard to determining the evidence required from a manufacturer of generic products in order for them to obtain approval by regulatory agencies and reach the market in specific countries. The concepts of bioequivalence and interchangeability are of particular importance in these definitions. In theory, a generic drug is considered interchangeable with an innovator or a reference pharmaceutical product when there is evidence demonstrating that it can be as effective and safe for patients in the specific indication. That evidence is often but not always obtained through bioavailability and bioequivalence studies comparing the generic to the innovator as the reference product.
If the definition of generic drug in the regulation of pharmaceutical products in a specific country involves the terms ''interchangeable'' or ''bioequivalence'', as previously described, it will generally increase the supporting evidence required from manufacturers when submitting a new generic application. On the other hand, the absence of these terms from the definition may be interpreted as if that evidence is not required or is required only for specific high-risk drugs, allowing for products without demonstrated ''interchangeability'' or ''bioequivalence'' to be approved and brought onto the market.
Reductions in national drug spending of more than 40 % have been estimated if generic penetration reached a maximum in each country [14] . In the USA, generic medications cost less than one-third of their branded counterparts [15] . The reduced price allows providers to treat more patients effectively with the same amount of overall dollars. However, these concepts are conditional on bioequivalent generics being substituted. While numerous cost-savings analyses have been conducted suggesting significant reductions in drug expenditure, these analyses have been conducted in settings where bioequivalent generics were regulated and prevalent. In developing countries, we are currently limited to conjecturing possible cost savings from appropriate generic substitution. This manuscript sheds light on the likelihood that a generic medication is a clinically appropriate substitute.
The definition and classification of generic pharmaceutical products are not the same across the world. Our aim is to describe and compare the differences in the classification and definitions of generic pharmaceutical products in the largest developing countries, where more than 80 % of the world's population is currently living and receiving healthcare [16] .
Methods
Using the six WHO geographic regions (the Americas, Africa, Southeast Asia, Europe, Eastern Mediterranean, Western Pacific), we identified the developing countries with the largest population in each region and selected a total of 21 countries for the analysis: Brazil, Mexico, Colombia, Nigeria, Ethiopia, Democratic Republic of Congo, India, Indonesia, Bangladesh, Russia, Turkey, Ukraine, Pakistan, Egypt, Iran, Sudan, Saudi Arabia, Afghanistan, Yemen, China and Korea (Table 1) . Additional economic information about gross domestic product (GDP) per capita and the percentage of GDP devoted to healthcare expenditures was also extracted as a proxy for the weight given to healthcare investment as public policy (Fig. 1 ).
An individual country profile was created using information from published literature, available through PubMed and Google Scholar, and official government sources available online. Websites from the Ministry of Health, regulatory agencies or other government sites were identified for each of the selected countries and reviewed to extract the most recent and relevant information about the definition and classification of pharmaceutical products, focusing on generic pharmaceutical products. Finally, key informant interviews were performed with experts in regulation of pharmaceutical products for specific countries where information was limited or where additional confirmation was required to complete the information.
The information was summarized and standardized for comparison across countries, focusing on the main components of the definitions and classification of pharmaceutical products (until December 2013).
Results
The information available about the regulation and definition of generic pharmaceutical products in each of the 21 countries included in the analysis was very heterogeneous, with different levels of access to the information. Some countries had information that was easy to access and review about the regulation and definition of pharmaceutical products, but many others did not. Of the 21 countries selected, we were able to identify specific information about the definition of generic pharmaceutical products from government or other official sources from only 13 countries (62 %). For five countries (24 %) we located generic medication related-details, but not from ''official'' government sources. For Afghanistan, the information was under review by the WHO. For Yemen and Colombia, we could not identify specific definitions for generic pharmaceutical products via government or other official sources 1 ( Table 2) . Interestingly enough, in 20 of the 21 countries selected, we were able to identify references to country-specific pharmaceutical drug policies, mostly in concordance with the initial resolution of the WHO in the late 1970s and its updates since then. Consistently, these same countries have references to most of the components of the pharmaceutical policy delineated by the WHO, which includes selection of essential medicines, affordability, drug financing, supply system, drug regulation, research, and monitoring and evaluation. The only country without an explicit reference to a country-specific pharmaceutical drug policy was Korea, which, in fact, is notably absent from the WHO's list of countries with essential medicines lists [15] . Nevertheless, Korea's regulatory policies mention other important components of the WHO pharmaceutical policy framework, focusing on drug financing, drug regulation, and monitoring and evaluation. In almost a third of the countries, where information was available, there are other terms associated with generic products, making market differentiation difficult. Those terms are sometimes based on whether or not the generic product is branded, or if it has been labeled as interchangeable, or as a similar product. Usually, ''similar'' pharmaceutical products, sometimes called ''copies'', are pharmaceutical products with the same International Nonproprietary Name (INN) as the reference generic pharmaceutical product, but with limited or no evidence of bioequivalence and bioavailability. Most of the countries selected in this study (16 of 21) , mentioned requiring some level of bioequivalence testing, mostly in vitro, to provide a specific label for generic pharmaceutical products.
A requirement to have the innovator pharmaceutical product off-patent in order to have a generic approved seems to be consistently reported across all countries that are in line with the Intellectual Property Rights Related to Trade (TRIPS) agreement, which requires all World Trade Organization members to adhere to it [16] . Nevertheless, the fact that many pharmaceutical companies decide not to file patents in every country allows for generic pharmaceutical products to emerge in those countries despite the product being under patent in other countries.
Another important consideration for the quality of generic pharmaceutical products is the requirement of good manufacturing practices (GMP); except for some countries in the Middle East, all countries included in the analysis had some documentation referring to GMP as part of the local pharmaceutical policy. Most countries did not explicitly mention tax exemptions or incentives for production or importation of generic pharmaceutical products. In the same token, most countries did not offer specific market protection for generic products.
Discussion
Using selected developing countries from every WHO region, on the basis of population size, we examined the current pharmaceutical policies and regulation focusing on the definition and requirements for generic pharmaceutical products. We found important differences between countries in terms of the definitions used for pharmaceutical generic products and other terms or definitions associated with generic products, such as similars, copies, branded generic products, etc. These differences and inconsistencies bring important challenges for international comparisons that must be addressed and recognized. The availability of generic products with different standards in each country limits the generalizability of the assessment of country-specific policies, as well as the pooling of information from multiple countries to assess the impact of generic pharmaceutical products on general or specific health outcomes. Previous research has recognized these differences in specific countries or regions [17, 18] . In 2011, Vacca et al. [19] published a report comparing the pharmaceutical regulation regarding generic products in 14 countries in the Americas, showing three levels of policy for generic pharmaceutical products: (1) countries with For these cases, some companies provide GMP through selection of institutions, management of product distribution, and applications for tax exemption minimal or no specific regulation; (2) countries with regulation, but without restrictions for substitutions between different types of generics; and (3) countries with specific regulation and restrictions if therapeutic equivalence is not demonstrated [20] . If we applied a similar framework to our analysis, most of the countries in our sample would be grouped in levels 2 and 3. Vacca et al. placed most of the countries in level 1, minimal or no regulation. However, the countries included in their selection were largely countries with less developed economies and relatively smaller populations than those we included for review here. Our analysis sought to capture a wider representation of countries in terms of population size and economic scale. This likely explains the differences in relative proportions found in our study compared with their work. In 2013, Nguyen et al. [21] performed a summary description of generic medicines policies in Asia Pacific. The authors, who retrieve the information from a Workshop in the region performed in 2012, said that many countries in this region did not have a generic medicines policy within their national medicines policy, and that only a few countries had comprehensively implemented generic medicines policies with strong regulatory requirements. The participants on the workshop identified barriers to successful implementation of generic medicines policies, including mistrust of the quality of generic pharmaceutical products and the lack of inspectors or regulatory bodies to assess them properly. Finally, it was reported that the financial benefit from generic substitution had not been measured or was unclear in many countries, despite clear incentives to implement it. Our results are in line with the initial points made by the authors. The local perspectives about generic policies were out of our scope since we focused on information published or available from official sources and not from surveys or workshops.
Vogler [22] , in 2012, performed an analysis on the impact of pharmaceutical pricing and reimbursement policies on generics uptake in 29 European countries. Although the focus of the paper was on reimbursement of generics, the author highlights some differences between countries in the definition and use of generics in these countries.
Clearly, as expressed in the previous reports, one of the main challenges for this type of international analysis is the heterogeneity in the availability and structure of the information about pharmaceutical policies and regulations in each country. Continuous changes in the healthcare system and changes in regulatory processes and policies for the assessment and coverage of health technologies, including pharmaceutical products, in each country are also difficult to follow closely and understand regarding the potential impact across regions.
On the extreme end of medication production is drug counterfeiting: the creation of medications that claim to have an active ingredient when they are devoid of the chemical. As more of the world's medicine production has shifted to the developing world, recent studies have attempted to investigate this phenomenon. The WHO speculated that up to 30 % of the total drug market in developing countries without regulatory oversight may be counterfeit. However, the WHO used a broad definition of counterfeit drugs that included mislabeled or fraudulently labeled drugs even if they contained the correct active ingredients [22] . The challenge is not a simple matter of reducing the supply of counterfeit drugs; it will also entail reducing consumer demand. In some developing countries, patients or their caregivers actively seek cheap medications, supplied without a preceding prescription, from nonlicensed peddlers. These demand-side forces have incentivized a counterfeit medication para-economy. The WHO has recommended that community-based organizations disseminate information to improve surveillance of drug counterfeiters and for governmental and non-governmental education campaigns to reduce consumption of counterfeit medications. This again potentiates the need for clear development of a patient-centered definition of a generic medication.
Conclusions
In summary, the significant variability in the definition and classification of generic pharmaceutical products in emerging and developing countries limits the opportunity to compare and analyze the impact of policies and programs that incentivize their use. Standardization of the definitions is necessary to make international comparisons viable. Global efforts are underway to harmonize the definition and regulation of generic medicines. However, these attempts will likely need to be accelerated given the increased availability of medications that are past patent expiry.
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